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Abstract
The use of probiotics in aquaculture is gained increasing scientific and commercial interest for promoting 
as growth supplements, mostly, but as prophylactic or therapeutic agents, too. The intensive fish rearing often 
are characterized by stressful conditions (overcrowd, altered water quality etc.) so, the probiotics could help 
by enhancing the resistance to stress. In teleostean fish, hematological indices are used as indicators of the 
physiological stress response to internal or external factors disturbances. Currently, there is limited information 
on the efficacy of the probiotics and its impact on fish blood physiology. 
The general aim of this paper was to assess the effect of a probiotic supplements (BioPlus® 2B) on hematological 
status in common carp (Cyprinus carpio, Linnaeus 1758), cultured in a recirculating aquaculture system and fed 
with a commercial diet with 30% raw protein.
The experiment was performed for 60 days, fish biomass being equally distributed into the 4 growth units 
(V1-control and three different concentrations of probiotics: V2-2.24×109 CFU/kg food, V3-3.84×109 CFU/kg food, 
V4-7.04×109 CFU/kg food). Blood samples were drawn at both the beginning and the end of the trial period.
The researches revealed a great range of variability for the hematological parameter as follows: (Hb) 
hemoglobin 3.40 ÷ 11.00 g/dl; (Ht) hematocrit 23.00 ÷ 41.00%; (RBC) red blood cell count 0.72 ÷ 2.10x106/μl, 
(MCV) mean corpuscular volume 127 ÷ 346.37 μm3, (MCH) mean corpuscular hemoglobin 18.62 ÷ 59.66 pg and 
(MCHC) mean corpuscular hemoglobin concentration 12.65 ÷ 30.69 g/dl.
In the present research, these variations in the blood parameters underlined the role of the hematology in 
assessing the homeostatic response of fish to different technological conditions.
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INTRODUCTION   
The use of probiotics in aquaculture is gained 
increasing scientific and commercial interest for 
promoting as growth supplements, mostly, but 
as prophylactic or therapeutic agents, too. The 
intensive fish rearing often are characterized by 
stressful conditions (overcrowd, altered water 
quality etc.) so, the probiotics could help by 
enhancing the resistance to stress. In teleostean 
fish, hematological indices are used as indicators 
of the physiological stress response to internal 
or external factors disturbances. Currently, there 
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is limited information on the efficacy of the 
probiotics and its impact on fish blood physiology.
The main variation of technological factors and 
also the management practices for recirculating 
aquaculture industrial systems, which involves 
high stocking densities, biological material 
handling, medication treatments, temperature 
variation and poor technological water quality, 
strongly affects fish growth in intensive conditions 
(Cristea et al., 2002).
Numerous studies have highlighted the special 
role of ensuring and maintaining quality feed in 
a normal physiological state. Both quantity and 
proportion of nutrients in fish feed can influence 
susceptibility to disease. Fish nutrition research 
has emphasized the importance of nutrients 
in maintaining normal immune function and 
resistance to disease (Docan et al., 2011).
It was reported that the hematological and 
biochemical parameters of fish could be used to 
evaluate the health condition of the organism. 
The microorganisms used as probiotics, including 
Lactobacillus, Bacillius and yeasts, have been 
reported in penaeids and fish (Capkin et al., 2009; 
Pooramini et al., 2009). Probiotics play important 
roles as immunostimulants and antimicrobial 
agents. Probiotics are live microbial or cultured 
product feed supplements that beneficially affect 
the host by producing inhibitory compounds, 
competing for chemical and adhesion sites, 
modulating and stimulating immune function, 
and improving microbial balance (Schaperclaus 
et al., 1992). In aquaculture, probiotics are used to 
control diseases, enhance specific and non-specific 
immunity, provide nutrients and enzymatic 
functions and improve water quality (Balcázar et 
al., 2006).
The general aim of this paper was to assess the 
effect of a probiotic supplements (BioPlus® 2B) on 
hematological status in common carp (Cyprinus 
carpio, Linnaeus 1758), cultured in a recirculating 
aquaculture system and fed with a commercial 
diet with 30% raw protein.
MATERIALS AND METHODS  
The facilities used for this research was 
represented by the pilot recirculating system of 
the Aquaculture, Environmental Sciences and 
Cadastre Department, “Dunărea de Jos” University 
of Galati. The pilot recirculating grow system 
used for these experiments has been described, 
constructively speaking, also in other studies 
(Cristea et al., 2011) reason for which this paper 
no longer contains its description. The production 
system mainly consists in 4 rearing units, with 
a volume of 1 m3 each and also water quality 
conditioning units. 
The experiment was conducted over a 
period of 60 days, between December 2010 and 
January 2011. The biological material used for 
this experiment was represented by carp juvenile, 
fish biomass being equally distributed into the 
four rearing units (V1-control and three different 
concentrations of probiotics: V2-2.24×109 CFU/
kg food, V3-3.84×109 CFU/kg food, V4- 7.04×109 
CFU/kg food). 
The hematological indices, such as the red blood 
cells number (RBCx106 cells/μl blood), hemoglobin 
(Hb–g/dl), hematocrit (Ht-%) and the erythrocyte 
constants -the mean corpuscular volume (MCV–
μm3), the mean corpuscular hemoglobin (MCH–pg), the mean corpuscular hemoglobin concentration 
(MCHC–g/dl)- are important parameters for the 
evaluation of general physiological condition of 
the fish and their changes may be a response to various environmental conditions.
Erythrocytes (RBC) were counted immediately 
after blood collection in hemocytometer (Improved 
Neubauer Weber scientific Ltd.), according to 
(Wintrobe, 1934). For measuring hematocrit (Ht), 
heparinized hematocrit capillary tube were filled 
with blood and centrifuged for 5 minutes at 12000 
rpm in a micro hematocrit centrifuge (Haematokrit 
24. Hettich). 
Hemoglobin (Hb) concentration was 
estimated as cyanmethemoglobin by adding 20 μl 
of whole blood to 5 ml of Drabkins solution and by 
using spectrophotometer (Specord 210-Analytic 
Jena), at a wavelength of 546 nm, for determining 
the final values.
Using standard formulas, the red blood 
indices were computed: the mean corpuscular 
volume (MCV), the mean corpuscular hemoglobin 
(MCH) and the mean corpuscular hemoglobin 
concentration (MCHC) (Dacie and Lewis, 2001).
Blood sampling for the hematological 
parameters determinations was performed both 
at initial stocking and at harvesting stages.  A total 
of 40 fish were examined, five from each variant, 
respectively 20 fish from each of the two analyzed 
key moments.
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Carp specimens from which biological blood 
samples were collected had been marked with 
chip at the beginning of the experiment period, 
fact that provides a specific code for each of the 
analyzed fish. This procedure was applied in order 
to obtain a series of clear results regarding the 
hematological parameters analysis, performed 
during the experimental period.
The data were statistically analyzed in 
Microsoft Excel, using descriptive statistics and 
ANOVA and T-test.
RESULTS AND DISCUSSION   
Research in this paper focused on the 
hematological response of juvenile carp 
(Cyprinus carpio, L. 1758) in condition of dietary 
supplementation with a commercial probiotic 
BioPlus®2B in three different concentrations.
Environmental or physiological stress causes 
rapid increase of blood hemoglobin concentration 
due to both recruitment of erythrocytes from 
spleen and hemoconcentration installation, as a 
consequence of plasma water loss (Nicula, 2004). 
Previous studies on fish hematology revealed that 
blood parameters levels could be affected by water 
temperature and oxygen concentration variations 
(Jewet et al., 1991).
The hematological modifications of our 
studied fish were analyzed in corroboration 
with the technological factors (water quality), 
which can influence the metabolic processes. In 
the present research, temperature was kept at a 
constant value during the whole experiment, the 
range value being between 13.5 and 16.8ºC, while 
the value of dissolved oxygen (DO) were in the 
range 4.2-8.1 mg/l. 
In Table 1, 3, 4 and 5 are shown the 
hematological parameters analyzed from fish 
blood samples and in Table 2 are presented 
the normal values for the main hematological parameters in C. carpio.
 At the beginning of the experiment, 
hematological indices of C. carpio did not differ 
significantly between the experimental variants 
(p<0.05).
The lower values registered for Hb and Ht, 
outside the normal range, are signs of anemia. 
Values that represent the number of red blood 
cells were within the normal range for carp blood 
parameters (Tab. 2). 
This condition status weakens the body 
immune system, making fish susceptible to certain 
pathogens, while a decrease in tolerance to oxygen 
deficiency also reveals.
As it can be observed, at the beginning of 
the experimental period, the hemoglobin (Hb) 
varied from 4.06 g/dl in V4 case to 4.96 g/
dl for control variant (V1). After 60 days of 
probiotic administration, significant changes are 
distinguished between V1 variant (control) and 
V2 (p<0.05; p=0.02) and no significant changes 
between V1 and the other two experimental 
variants (p<0.05; p=0.71; p=0.41). Comparing the 
Tab. 1. Variation of the hematological indices in C. carpio at the beginning experimental period.
Experimental variants Hb (g/dl) Ht  (%) Red blood cells(106/μl)
min-max Mean±SD min-max Mean±SD min-max Mean±SD
V1 4.20-6.40 4.96±0.79 27-28 27.4±0.49 1.02-1.45 1.27±0.18
V2 3.90-6.70 4.66±1.03 24-36 30±4.38 1.22-1.40 1.31±0.06
V3 3.90-4.70 4.22±0.28 23-30 25.8±2.48 0.72-1.40 1.02±0.22
V4 3.40-5.90 4.06±0.94 24-29 26.2±1.94 0.91-1.88 1.41±0.37
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results for hematological indices with the initial 
values significant changes are reported (p<0.05).
Hematocrit (Ht), slight lower at the beginning 
of the experiment period, registered a wide range 
between 25.8% (V3) and 30% (V2). No significant 
changes are related at the end of the experimental 
period (p<0.05; p=0.60), values being between 
31.2% for the control variant and 33.20% (variant 
V2). 
The number of erythrocytes, as it can be 
seen by analyzing the above values, is within the 
normality range for the analyzed species (Tab. 
2). There have been no significant changes of this 
parameter in all four experimental variations 
(p<0.05; p= 0.20), the lowest value being recorded 
Tab. 3. Variation of the erythrocyte constants of C. carpio at the beginning experimental period.
Experimental variants MCV MCH MCHC









































Tab. 4. Variation of the hematological indices in C. carpio after feeding supplement probiotics.
Experimental variants Hb (g/dl) Ht (%) Red blood cells (106/μl)
min-max Mean±SD min-max Mean ±SD min-max Mean ±SD
V1 6.90-8.80 7.92±0.82 26-36 31.2±3.31 0.89-1.52 1.37±0.24
V2 6.40-11 7.92±1.62 30-39 33.20±3.31 1.70-2.10 1.93±0.13
V3 6.00-8.90 7.24±1.00 29-41 33±4.56 1.14-1.84 1.46±0.27
V4 5.80-7.00 6.30±0.46 30-36 32.8±2.32 1.30-1.73 1.58±0.16
Tab. 5. Variation of the erythrocyte constants of C. carpio after feeding supplement probiotics.
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in V1 (control) and the highest in V2. Also, no 
significant changes of erythrocytes number are 
registered when we compare the initial values and 
the four experimental variants (p<0.05)
After determining the hematological indices, 
carp erythrocytes constants were calculated, 
those having a particularly important diagnostic 
value as they help to detect physiologically 
damages in the formation process of hemoglobin, 
provides information regarding the size, shape 
and hemoglobin charge of erythrocyte. 
Due to the influence of main technological 
factors that have acted on the biological material 
in current experiment (low technological 
water temperature and different probiotic 
concentrations), erythrocyte constants values 
showed the following changes:
Due to the decrease of technological water 
temperatures under the optimal physiological 
level, mean corpuscular volume (MCV) ranged 
from 199.62±58.84 μm3 at V4 variant and 
263.16±56.24 μm3 in case of V3 (at the beginning 
of the experiment). At the end of the trial no 
significant changes are registered between control 
group (V1) and the three experimental variants 
(p<0.05; p=0.21). Comparing with the beginning of 
experimental period MCV registered a significant 
increase (p<0.05; p=0.02) in V1 variant and no 
significant changes in V2, V3 and V4 variant.
At the end of the experiment, Mean corpuscular 
hemoglobin (MCH) showed a significant increase 
comparing with the initial moment of the 
experiment (p<0.05). Thus, a minimum average 
value of 30.18±7.88 pg was registered for V4 variant on the initial moment and a maximum 
average value of 60.80±18.89 pg was found in 
case of V1, at end of the experimental period. No 
significant changes were observed between the 
control variant and those supplemented with 
probiotic (p<0.05; p=0.06).
Mean corpuscular hemoglobin concentration 
(MCHC) was maintained within the normality range 
for current experimental species (Tab. 2), showing 
a significant increase (p<0.05; p=0.00007), with 
values of 15.37±2.56 g /dl in V4 variant (initial) 
and 25.44±1.66 g/dl for V1 in the final stage of the experiment. 
The present findings confirm those reported 
by (Creţu et al., 2011) who revealed that 
blood hematological parameters (hemoglobin, 
erythrocytes count) in fish fed diets containing 
Bioplus® 2B (commercial probiotic consists on 
Bacillius licheliformes and Bacillius subtilis) were 
significantly higher compared to the control group.
Both hematological indicators and erythro-
cyte constants had values above or below the 
normality range of C. carpio, Linnaeus 1758, 
fact explained by the stressful effect of water 
temperature that had registered a significant 
decrease, under the optimum limit, from the 
technologically point of view. This has resulted 
in homeostasis disturbance of carp body, growth 
in recirculating aquaculture system conditions 
under the influence of environmental factors, by 
applying different concentrations of probiotic on 
their (Bocioc, 2011). 
CONCLUSION   
In the present research, these variations in 
the blood parameters underlined the role of the 
hematology in assessing the homeostatic response 
of fish to different technological conditions. From 
the data analysis regarding the hematological 
indicators that indicate the occurred changes 
in the conditions of main technological factors 
influence on the physiological status assessment of 
carp reared in recirculating system, it appears that 
probiotics can be used for health improvement 
and remediation, thus improving the resistance 
to disease and also the growth performance of 
biological material.
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